Abstract To examine the association between demographic characteristics and long-term smoking trajectory group membership among HIV-seropositive and HIVseronegative men who have sex with men (MSM). A cohort of 6552 MSM from the Multicenter AIDS Cohort Study were asked detailed information about their smoking history since their last follow-up. Group-based trajectory modeling was used to examine smoking behavior and identify trajectory group membership. Because participants enrolled after 2001 were more likely to be younger, HIVseronegative, non-Hispanic black, and have a high school diploma or less, we also assessed time of enrollment in our analysis. Participants were grouped into 4 distinct smoking trajectory groups: persistent nonsmoker (n = 3737 [55.9 %]), persistent light smoker (n = 663 [11.0 %]), heavy smoker to nonsmoker (n = 531 [10.0 %]), and persistent heavy smoker (n = 1604 [23.1 %]). Compared with persistent nonsmokers, persistent heavy smokers were associated with being enrolled in 2001 and later (adjusted odds ratio [aOR] 2.35; 95 % CI 2.12-2.58), having a high school diploma or less (aOR 3.22; 95 % CI 3.05-3.39), and being HIV-seropositive (aOR 1.17; 95 % CI 1.01-1.34). These associations were statistically significant across all trajectory groups for time of enrollment and education but not for HIV serostatus. The overall decrease of smoking as shown by our trajectory groups is consistent with the national trend. Characteristics associated with smoking group trajectory membership should be considered in the development of targeted smoking cessation interventions among MSM and people living with HIV.
Introduction
The prevalence of current smoking among persons living with HIV (PLWH) has been estimated to be over 40 %, more than 20 % greater than the smoking rate in the US general population [1] [2] [3] [4] [5] [6] . PLWH who smoke have an average of 16-23 cigarettes per day, an indicator of high nicotine dependence [7] . Studies from the 1990s suggest that smoking rates in men who have sex with men (MSM) were high-ranging from 45 to 49 % [8, 9] . Because of a history of exclusion and discrimination in other social settings, the social focus for many MSM has been gayidentified bars and clubs, where the prevalence of smoking is thought to be high [10] . Recent data from the National Health Interview Survey suggest that the current prevalence of smoking has dramatically shifted: 27.2 % of gay men between the ages of 16 and 64 were current smokers compared with 22.3 % of straight men of the same age group [11] . However, it is not clear whether the lower rate of smoking today reflects that MSM are less likely to smoke or more likely to quit smoking or whether they failed to initiate smoking. This rate likely reflects responses of MSM as a group to progressive public health policies regulating tobacco sales and use.
Although the use of antiretroviral therapy (ART) has dramatically reduced HIV-related morbidity and mortality, HIV-seropositive individuals are now reaching ages at which smoking-related disease rapidly increases [12] . Studies assessing smoking in PLWH are similar to research from the general population, showing that smoking is a risk factor for coronary artery disease, myocardial infarction, lung cancer, and stroke [3, 4, [13] [14] [15] . Among PLWH, Petoumenos et al. found that among those who stopped smoking, the odds ratio for the risk of cardiovascular disease (CVD) decreased from 2.3 within the first year of stopping to 1.5 after more than 3 years.
Little is known about long-term smoking patterns among PLWH and MSM. Most studies have categorized participants' smoking habits as current, former, or never smokers. We recently assessed long-term smoking using current, former, or never smokers [16] . We found that smoking remained high among certain subgroups of MSM, but we also found that categorization does not capture duration or intensity of smoking throughout participants' lifetimes. A measure such as pack-years does quantify duration and intensity; however, it does not capture the fluctuations in lifetime smoking that can be observed among those who quit or decrease cigarette smoking. The use of long-term patterns of smoking provides a longitudinal measure that can be compared across different groups of interest. Given the study gaps described above, we constructed and characterized multiple long-term trajectories of cigarette smoking among HIV-positive and HIV-negative MSM. We assessed whether HIV serostatus was associated with trajectory group membership. Finally, we analyzed multiple trajectories among HIV-positive MSM, and examined how these trajectories varied by HIV-specific time-variant covariates. We used data derived from an ongoing longitudinal study with repeated measures over a period of 28 years. Dynamic models with both time-constant and time-varying covariates were used to evaluate differences in trajectories of cigarette smoking.
Methods

Study Population
The Multicenter AIDS Cohort Study (MACS) is an ongoing prospective cohort study of the natural and treated histories of HIV infection among MSM in the United States [16, 17] . A total of 6972 men were recruited at 4 centers: Baltimore/Washington, DC; Chicago; Los Angeles; and Pittsburgh. Men were recruited in 3 waves: 4954 in 1984-1985, 668 in 1987-1991, and 1350 in 2001-2003 . MACS participants complete study visits every 6 months during which they are tested for HIV (if HIV-seronegative), provide a blood sample for storage in a repository for future research, undergo a physical examination, and complete questionnaires, which collect demographic, psychosocial, behavioral, medical history, and health services data. The questionnaires are available online at http://www. statepi.jhsph.edu/macs/forms.html. Informed consent was obtained from all participants, and the MACS study protocol was approved by the institutional review boards of each of the participating centers.
Participants in MACS return biannually for detailed interviews, physical examinations, collection of blood, and laboratory testing. At each study visit, the men are asked detailed information about their smoking history since their previous visit. This present study uses a prospective cohort design to examine the association between demographic characteristics with self-reported smoking trajectories. We used data from all 3 waves because smoking behavior was captured since each participant's initial visit. This analysis follows cigarette consumption from semiannual visits 1 through 57 of the MACS. The study sample included 6535 men who reported their smoking behavior during their initial visit and at least 1 follow-up visit. The median person-years in the study was 9.6 years (interquartile range, 5.4-18.5 years).
Main Outcome Measure
At each visit, current smoking status was assessed as part of the study questionnaires. Participants were classified as never, former, and current smokers at each visit. These questions include ''Did you ever smoke cigarettes?'' and ''Do you smoke cigarettes now?'' The latter question was used to assess current smoking. Quantity of cigarette packs smoked were categorized by the MACS as follows: less than pack per day; at least but less than 1 pack per day; at least 1 but less than 2 packs per day; and 2 or more packs per day. Using these measures, we constructed 4 long-term trajectories.
Covariates of Interest
We examined the following characteristics measured at the index visit in our analysis: age, race (indicated by 2 dummy variables, race included 3 categories: non-Hispanic black, other, and non-Hispanic white [reference group]), and education (indexed by high school diploma or less and having some college or more [reference group]) [18] . Because participants enrolled after 2001 were more likely to be younger, HIV-seronegative, black non-Hispanic, and have a high school diploma or less, we also assessed time of enrollment in our analysis.
When studying health trajectories over an extended period of observations, many of the covariates can change over time. Therefore, we conducted additional analyses by incorporating time-varying covariates. In our analysis, a number of covariates (alcohol use, marijuana use, CD4 cell count, viral load, and ART use) could vary with time [19, 20] . Finally, we constructed a binary variable to identify those who had died (n = 2124), were censored (those removed from the study in order to recruit new participants), or who dropped out (n = 2527) of the study during the period of observation and were included in our model. These measures were treated as confounding variables instead of predictors in our model to assess the degree to which the findings depend on a participant's missing data pattern [21] .
Data Analysis
We used group-based, semiparametric mixture models to identify 4 distinct trajectories of smoking among participants in the MACS, using the SAS PROC TRAJ program developed by Nagin and colleagues [22] . PROC TRAJ uses maximum likelihood estimation and yields parameter estimates that define (a) trajectory shape and (b) trajectory group membership probabilities. The 2-stage model selection process described by Nagin and colleagues was used to define the optimal number of trajectory groups and the order of the polynomial needed to model the shape of each trajectory. A preset rule that all trajectories are linear was used to structure the first-stage search, and a zeroinflated Poisson model was specified for the amount smoked per visit. The optimal number of latent trajectory classes was determined by: (1) using the Bayes factor approximation to compare the difference in the Bayesian information criterion (BIC) scores between competing models [23] ; (2) calculating the average posterior probabilities for each class; and (3) assessing the utility of the latent classes in practice, including the similarity of trajectories between classes and the number of cases within each trajectory class.
To identify the distinct trajectories of cigarette smoking, we explored various models including intercept only and linear, quadratic, or cubic functions of time. Although a linear function may be sufficient in describing some trajectories, we chose to apply a quadratic function for some of the groups. Given the number of repeated observations available, the quadratic functions are more flexible in identifying the distinct trajectories. On the basis of changes in the BIC score as the number of trajectory groups increased from 2 to 10 and whether there was any overlap between the confidence intervals of adjacent trajectories, we chose 4 groups because the improvement in BIC began to level off after 4 groups.
To first understand smoking behavior among our participants, we derived the basic trajectory groups by estimating a model in which smoking is a function of time only by time of enrollment, without any other covariates. Second, we evaluated baseline characteristics and time-varying covariates in the probabilities of belonging to the identified trajectories among all participants of the study. We repeated this same process among HIV-positive MSM to adjust for HIV-specific time-varying covariates. This allowed for joint estimation of the parameters that describe the shape of trajectory group curves and adjusted odds ratios (aORs) for the relationship between the covariates of interest and trajectory group membership. We used the joint estimation process because it yields standard errors that account for the uncertainty of group assignments. To further confirm our results we used generalized linear mixed models (PROC GLIMMIX). Each trajectory was a separate outcome, and the trajectory group that smoked the least was treated as the reference group. Only the intercept was allowed to vary between subjects, and the regression slopes were assumed to be fixed effects.
Results
Men in the study were grouped into 1 of 4 distinct smoking trajectory groups. Based on the trajectory models, we classified light smoking as less than pack per day (on average), and heavy smoking as greater than pack per day (on average). The 4 patterns were:
Persistent nonsmoker Accounting for 55.9 % (n = 3737) of all participants, persistent nonsmokers were characterized by nearly zero packs smoked along with a small negative linear slope. Participants in this group had little to no cigarettes smoked throughout the period of observation.
Persistent light smoker Representing 11.0 % (n = 663) of all participants, the course was distinguished by smoking at least half pack a day and remained constant over time. Heavy smoker to nonsmoker Participants in this group began with nearly smoking at least half pack but less than 1 pack per day but experienced substantial reduction over time, ending with smoking almost no packs a day. They accounted for 10.0 % (n = 531) of all participants in the study. Persistent heavy smoker Characterizing 23.1 % (n = 1604) of the sample, the trajectory group exhibited a very high level of cigarette smoking that persisted over the observation period. The trajectory did decline, but participants continued smoking more than half pack a day.
At the baseline visit, black, non-Hispanic men were more likely to be persistent heavy smokers among both HIV-seronegative and HIV-seropositive men compared with white, non-Hispanic men (Table 1) . HIV-seronegative participants in the second wave were more likely to be persistent heavy smokers compared with participants in the first wave (33.9 vs. 19.8 %). There were no differences in proportions observed for CD4 cell count, ART use, and viral load by type of smoking trajectory.
After adjusting for time-constant and time-varying covariates, we modeled long-term smoking trajectories for all participants ( Fig. 1; Table 2 ). As shown in Table 2 , for all 4 smoking trajectory groups, cigarette smoking at a given time varied with not only time but also with marijuana use and binge drinking. Several covariates of interest were associated with cigarette smoking group membership. Compared with the persistent nonsmoker group, persistent heavy smoker group membership were associated with being enrolled in 2001 and after (aOR 2.35; 95 % CI 2.12-2.58) and having a high school diploma or less (aOR 3.22; 95 % CI 3.05-3.39) ( Table 3) . Time of enrollment and having a high school diploma or less were significant predictors of cigarette smoking across all trajectory groups (p \ 0.0001). Loss to follow-up of participants that had died or dropped out were associated with persistent heavy smoking compared with the persistent nonsmoker group. Loss to follow-up was also a predictor across all trajectory groups (p \ 0.0001 and p = 0.0002, respectively). To confirm our results, we used generalized linear mixed models. Each trajectory was a separate outcome, and the persistent nonsmoker group was treated as the reference group. Black, non-Hispanic MSMs, being enrolled 2001 and after, being HIV-seropositive, marijuana use, and binge drinking were all associated with the trajectory groups persistent heavy smoker, heavy smoker to nonsmoker, and persistent light smoker when compared with the persistent nonsmoker group (data not shown).
Because we were also interested in HIV-specific variables, we ran the same analysis using HIV-seropositive participants while additionally adjusting for HIV-specific time-varying covariates. The patterns of smoking behavior remained the same (Table 4) . Compared with the persistent nonsmoker group, persistent heavy smoker group membership was associated with being enrolled in 2001 and after (aOR 2.13; 95 % CI 1.67-2.59) and having a high school diploma or less (aOR 2.53; 95 % CI 2.07-3.01) ( Table 5 ). Race was the only statistically significant predictor for group membership across all trajectory groups (non-Hispanic black, p = 0.001; other, p \ 0.0001).
Discussion
Our analysis of longitudinal data from the MACS identified 4 distinct, long-term smoking trajectories in HIVseropositive and HIV-seronegative MSM. Reflecting the stability of smoking behavior over the lifetime, 34 % of these men changed their smoking behavior during the study period. A third of those who changed were initially smoking between half pack and one pack per day but experienced substantial reduction over time, ending with smoking almost no packs a day. We demonstrated that among all participants, education and time of enrollment were significant predictors across all trajectory groups. Among HIV-seropositive participants, race was the only statistically significant predictor across all trajectory groups.
Previous studies that examined smoking trajectories have presented results for trends among adolescents as they emerge into adulthood [24] [25] [26] [27] . To our knowledge this is the first time smoking trajectories have been used to establish distinct smoking patterns among MSM and PLWH using a large cohort study. Because there is a difference among age groups, type of population, trajectory type, and gender, it is difficult to compare trajectory patterns across studies. However, the overall decrease of smoking as shown by our trajectory groups is consistent with the national trend [3, 11] .
Greenwood et al., found that a greater proportion of MSM reported cessation of tobacco use than reported current daily tobacco use. This indicates a voluntary inclination toward health promotion and recovery [28] . (29) 13.2 (9) 4.4 (3) 39.7 (27) 35.9 (28) 18.0 (14) 11.5 (9) 34.6 (27) This was also marked in our study, as there was evidence of reductions and quitting of smoking among MSM with demonstrated syndemic healthy conditions [29] . Many studies have theorized that MSM have learned to overcome the negative effects of a certain exposure, how to cope with a traumatic experience, and how to avoid negative trajectories associated with risks [30] [31] [32] . Resilience among MSM has been defined as a process of adaptation and readjustment despite facing adversity [33] . The process of adaptation may involve psychological, social, and/or behavioral characteristics [32, 33] . Over time, MSM have decreased recreational drug use and have increasingly participated in the gay rights movement, indicating health promotion, altruism, and social justice [34] [35] [36] [37] . Among MACS participants, a recent study showed that there were patterns of resilience against frequent stimulant drug use [20] . The patterns shown in our study should be used to identify factors for resiliency to aid in the design of intervention programs to continue to reduce cigarette smoking among MSM. Our study has several limitations. Although we used a large sample of HIV-seropositive and HIV-seronegative MSM, those included in our sample are still older and may be less diverse than those at highest risk of HIV in the United States. It has also been shown that the MACS participants are a highly motivated group of MSM who have stayed in this study for a number of years and may differ from other MSM in the general population. To account for this, we added variables to assess how death and drop out were associated with trajectory group membership. Among all participants in the study and HIVseropositive participants, the loss to follow-up variable was a predictor across all trajectory groups. Specifically, the variable was statistically significant among the persistent light smoker group and persistent heavy smoker group among all MSM.
Despite these limitations, the use of a large sample of HIV-seropositive and HIV-seronegative MSM from different sites in the United States, the long-term follow up, and the use of trajectory modeling to measure smoking patterns are strengths of our study. Our findings expand current understandings of cigarette smoking patterns among HIV-seropositive and HIV-seronegative MSM and should be considered in the development of targeted smoking cessation interventions among this population. Additionally, future studies should examine the factors that underlie resilience among MSM who quit smoking to find ways to incorporate them in interventions for those who continue to smoke. The preserved life expectancy of PLWH coupled with the increased rate of chronic illnesses associated with controlling viral loads emphasizes the need to identify and test effective cessation treatments for smoking cessation in a vulnerable population. , with additional co-funding from the National Cancer Institute (NCI). Targeted supplemental funding for specific projects was also provided by the National Heart, Lung, and Blood Institute 
